Spawning in captivity of two red porgy's broodstock groups (Pagrus pagrus) of the same age was studied during one season. These two broodstock groups, designed A and B, were fed with different regimes during the spawning period. A group was fed on moist pellet while (A diet content 45% proteins, 10% lipids) B group was fed on fresh fish (A diet content 48 % protein, 8.7% lipids). The total eggs collected number for A group was 22 million eggs of which 18 million were viable, fertility was 474,966 eggs kg -1 female. For B group, eggs collected number was 36 million eggs of which 31 million were viable fertility was 769,186 eggs kg -1 female. Statistically, there was a significant difference between the two groups in terms of quantity and quality of spawning and larval survivals recorded on second day after hatching and on fifth day after hatching.
INTRODUCTION
Mediterranean fish farming production is characterized by the dominance of two species, the sea bass, Dicentrarchus labrax, and the sea bream, Sparus aurata The red porgy, Pagrus pagrus, a new candidate for aquaculture, seems to satisfy some of the criteria for the selection of a new species in intensive fish farming such as, high market price and demand, ability to fast growth but research on broodstock nutrition is still needed. Broodstock nutrition remains one of the most understood in the field of fish nutrition, and studies are limited to a few species (Brooks et al., 1997 , Izquierdo et al., 2001 . This is due to the need for large facilities, both inside and outside; to take a large number of adult fish and, consequently, the high cost needed to develop experience on feeding broodstock. In aquaculture, obtaining gametes quality can sometimes be problematic, especially when it becomes necessary to adjust production to market demand, control the timing of obtaining gametes, controlling environmental factors. As regards the production of fish eggs, these problems are more acute that the determinism inherent in the quality of fish oocyts is poorly known, including among species for which livestock is best controlled. The development of fish larvae appeared most affected by nutritional factors during the first days of life, even when they feed partly on their yolk reserves. Many authors have shown the influence of broodstock nutrition on the quality of larvae hatching. Notably, the viability of fry was related to their HUFA content itself linked to the HUFA content fed to broodstock (Lavens et al., 1999) . Gonada development and fertility are affected by certain nutrients, particularly for parents with a continuous deck and a short period vitellogenesis. Thus, over the past two decades, more attention has been accorded to the level of different nutrients in broodstock nutrition. However, studies on broodstock nutrition are limited and relatively expensive to achieve. Lipid and fatty acid composition of broodstock nutrition has been identified as major dietary factors that determine reproductive success and survival. Some species of fish readily incorporate the dietary unsaturated fatty acids in eggs, even during the breeding season. In some fish species, LC-PUFA (Long chain polyunsaturated fatty acids) in broodstock nutrition increase fertility, fertilization and egg quality. This has been described in species such as sea bream, Sparus aurata (Mourente and Odriozola, 1990 , Fernandez-Palacios et al., 1995 , halibut, Hippoglossus hipoglossus (Bruce et al., 1993; Mazorra et al., 2003) , sea bass, Dicentrarchus labrax (Cerdá et al., 1994b; Carrillo et al., 1995; Navas et al., 1997) , Japanese sea bream, Pagrus major (Watanabe et al., 1984a,b,c,d; 1985 a,b; 1991) , trout rainbow, Oncorhynchus mykis (Washburn et al., 1990; Choubert and White, 1993; Choubert et al., 1998) Atlantic salmon, Salmo salar (Eskelinen, 1989; Christiansen and Torrissen, 1997) , coho salmon, Oncorhynchus kisutch (Hardy et al., 1984; , tilapia, Oreochromis niloticus (Cumaratunga and Mallika, 1991; Gunasekera et al., 1995 Gunasekera et al., , 1996a Gunasekera et al., , b, 1997 Siddiqui et al., 1998) , common carp Cyprinus carpio (Manissery et al., 2001 )Japanese flounder, Paralichthys olivaceus (Furuita et al., 2003, ) yellowtail Seriola quinqueradiata (Agius et al., 2001) , Senegal sole, Solea senegalensis (Dinis et al., 1999) , milkfish, Chanos chanos (Emata et al., 2000) , turbot, Scophthalmus maximus (Lavens et al., 1999) , and the catfish, Ictalurus punctatus (Torrans and Lowell, 2001) . The aim of this study is to determine how food quality of broodstock could affect fertility and egg quality.
MATERIAL AND METHOD Brood stock:
The red porgy broodstock was caught from wild individuals at M'diq Bay through small long liners. Caught porgies were kept in polyester rectangular tanks of volume 10m 3 . These parents' fish were fed exclusively fresh fish (sardine) to satisfaction, once a day and six days a week. During the spawning period, they were divided into two groups (A and B). A group was composed of two males and fourteen females and B group was constituted of two males and thirteen females. Both groups were subjected to natural temperature, salinity and photoperiod conditions. The water renewal rate was kept around 300-500% per day and oxygenation was provided by three air arrivals. The average water temperatures during the reproductive period was 16.9 ± 0.6 ° C, varying between 15.9 and 19.2 ° C. The spawning was spontaneous; it took place very early in the morning and fertilization occurred in water. The females and males average body weights of both groups A and B were respectively of 3.07 ± 0.5 kg and 2.89 ± 0.4 kg. The total biomass of females was of 32.50 ± 0.65 kg for A group and 35.58 ± 0.71 kg for B group. A group received a diet based on moist diet composed of minced sardine 50%, 45% of dry pellet commercial and 3% fish meal flour, complex of vitamin and vitamin C. B group, was fed by fresh fish with (50%) , Squid (35% )of shrimp (15%) and complex of vitamin and vitamin C were added to the mixture(table1). Minerals, 75% ; Phosphorous, 3 -4 % ; Calcium 25 -30%, Vitamin A, 2.000000 IU ; Vitamin D 3 , 400000 IU ; Thiamine , 500 mg ; Riboflavin , 1.000 mg; pantothenatee Calcium , 7500 mg; Pyridoxine , 500 mg; Vitamin B 12 , 1,5 mg; Tocophérol Acetate E, 2500 mg; Nicotinic Acid PP, 10000 mg; Choline (Chloride) , 50000 mg There was a statistically significant difference between the two groups for the analyzed parameters (ANOVA, P <0.05).(n=2)
Table1. Composition of the brood stock food
Evaluation of eggs and larvae Quality: During 2007 season, spawning took place at temperatures ranged between 15.9 and 19.2°C, with an average value of 16.9 ± 0.6°C. The eggs were harvested in eggs collector equipped with a mesh screen net of 500 micrometers. After harvesting, eggs were placed in a small tank of volume 30 liters; viable and dead eggs were separated and counted. Eggs and oil globule diameters were measured on a profile projector using digital calliper, through samples taken from each daily collected spawning during spawning season. Embryo development and larvae survival were followed using samples of collected eggs which were previously rinsed and stocked in 500ml beakers. These eggs incubated at ambient temperature and maintained until the death of all hatched larvae. Embryonic development was evaluated once a day, through profile projector and microscope observations. The number of hatched eggs and, the number of hatched viable larvae were evaluated daily. Various parameters of eggs quality were evaluated as, fertilized eggs rate which was evaluated daily as soon as the eggs were recuperated from the collector; it was calculated as the eggs number fertilized / total collected. Hatching rate was calculated as the number of hatched larvae / total incubated eggs. Larval survival was estimated as the numbers of live larvae on the second day after hatching (d) / the total hatched larvae number. Biochemical analysis of eggs composition concerned particularly: lipids and fatty acids. Humidity and ash were determined using standard method (AOAC, 2000) .
Quantification of total lipids: Folch method:
The determination of total lipids was done by the Folch method (Folch et al., 1957) by replacing chloroform by dichloromethane. The sample was ground with an Ultraturrax IKAT 25 in a mixture dichloromethane/methanol (2/1), containing 0.01% BHT (antioxidant agent) was then filtered vacuum 3 times (filter Wathman GF/A55mm deposited on membrane filter made of stainless steel, coated with silica).
Lipid methylation: The fatty acid composition was determined on the total lipids extracted by Folch method. The principle involves the methylation of lipids using boron trifluoride as catalyst. The extraction was done with n-hexane; esters obtained undergo evaporation of the solvent.
Analysis of Fatty Acid: Methylated FA was analyzed with a Varian 3400 GPC equipped with an automatic sampler. The column is a DB Wax capillary column (30m x 0.25mm id, film thickness: 0.25µm) from JW, USA. The temperatures of the injector split/splitless and flame ionization detector were 260 and 250 ° C, respectively. We worked with a split of 1:60. The carrier gas was helium with a flow rate of approximately 1ml/mn. Using a temperature gradient ranging from 100° to 180° C to 8°/min then from 180 to 220° to 4°/min, stays at 220 ° for 25 minutes (total time 45 minutes of analysis, allows to separate FA medium chain C6 to C12). FA are identified by comparison with mixtures of SIGMA or Supelco standards and quantified by computer system (Varian). SIGMA stds used: The protein content (AOAC, 1995) was calculated from the composition in total nitrogen of the samples determined using Kjeldhal method.
Statistical analysis:
Spawning and eggs quality comparison results between the two groups were treated using the ANOVA test (analysis of variance) to a minimum of significance P <0.05. The existence of a correlation between eggs quality parameters was examined on the basis of simple regression. The results are expressed as means ± SEM. Statistical analysis was done with the software Stat graphic 5, Plus
RESULTS
The eggs were obtained from 13 February and were extended until 25 May. Cycles and thermophotoperiod, show that in spawning season, the porgy occurs in temperature and photoperiod bottom: 15.8 to 17.8 ° C and 12 h14 min for the photoperiod (duration of daily illumination). The total number of eggs collected from two groups of parents (A and B), was estimated at 223,447,00, 18,850,300 with floating viable eggs (85%) for A group with 31,524,418 and 36,656,300 viable eggs (86 %) for B group. The total collected eggs from the two parents groups (A and B), during the spawning season are shown in Figure 1 . In this figure, three peaks of spawning appeared for the two groups: the first from 13 to 27 February for A group and from 13 February to 4 March for the B group, the second between 6 March and 8 May for B and between 6 March and 24 April for A and the last between 10 and 22 May for two groups. The Peaks of B group was larger and more prolonged than those of A group.
Increased levels of n-3 HUFA food have reached a high level of lipids in eggs (Table 3) . The most abundant fatty acids of total lipids in eggs were 16:0 (palmitic acid), 18:1 n-9 (oleic acid) and 22:6 n-3 (DHA) followed by 16:1 n -7 (palmitoleic acid), 18:0 (stearic acid) and 20:5 n-3 (EPA), regardless of the diet used. The n-3 fatty acids and n-3 HUFA increased significantly with increasing levels of dietary food, mainly due to increased 18:3 n-3 (linolenic acid), 18:4 n-3 (estearidonic acid) and EPA in eggs. Thus, a positive correlation was found between levels of n-3 HUFA in the diet and eggs content in n-3 HUFA. However, there were no significant differences between treatments on the eggs content of the groups of mono-saturated fatty acids, n-6 and n-9, although the levels of certain fatty acids such as food 18:0 (stearic acid), 18:1 n-9 (oleic acid) and 20:4 n-6 (AA) differed significantly between the two diets. The eggs biochemical composition did not show a significant difference between the two groups of eggs.
The fatty acid composition of eggs collected from the two broodstock groups during the spawning season are shown in Figure 2 , n-3 PUFA in eggs stable throughout the spawning period for broodstock of B group, against that eggs of A group broodstock showed a considerable decrease in April without affecting the total PUFA content, as well the total number of collected eggs in this group has declined considerably in April which showed a direct relationship between the egg content of n-3 PUFA and the number of spawning eggs.
DISCUSSION
The total eggs production has made a big difference between the two groups. This difference was reflected also on the parameters of egg quality such as the larval hatching rate, 2-d larval survival and 5-d larval survival. As against, for the eggs size and oil globule levels during the spawning season, has not undergone significant changes, it was between 1.07 and 0.99mm, and between 0.24 and 0.22mm, respectively. Of all the spawning period, the average diameter of eggs was of 1020±20 µm and the average oil globule diameter were 228±11 µm. The results for different marine fish and freshwater species, showed no relationship between the eggs biochemical composition, and eggs and larvae survival (Craik and Harvey, 1984; Kjørsvik et al., 1990) . For the majority of research on eggs the quality, the fertilization rate and hatching were used as important criteria (Kjørsvik et al., 2003) . Survival up to a certain development stage, and larvae production were also used as measures of quality (Fernandez-Palacios et al., 1995) . Recently proposed, the use of new spawning quality indicators such as genetic markers (Kestemont et al., 1999; Carnevali et al., 2000 Carnevali et al., , 2001 , the ash weight of the eggs (Trippel et al., 2000) . Since the various parameters and eggs characteristics that have been proposed as indicators of the spawning quality for fish seem to be able to define the spawning quality a combination of different criteria provide a better result. Some studies carried out in the wild have shown that food availability is the primary determinant of fertility, which can be defined as the number of mature eggs produced per female during the annual cycle of egg spawning (Wotton, 1979; Bromage et al., 1992.) . Some studies have been conducted on aquatic species that inhabit freshwater rivers with different food availability, showed that fish living in rivers of low productivity, provides low fertility. This has been reported for rutile, Rutilus rutilus (McKay and Mann, 1969; Kuznetzov and Khalitov, 1978) , Gasterosteus acuelatus (Ali and Wooton, 2000) . With reference to marine species, Bagenal (1966) reported that variations in fertility observed in natural populations of plaice, Pleuronectes platessa in Western Europe could be related to differences in food availability, its tour due to population density. Studies on the natural environment, show direct link between diet and fertility, similar studies were conducted on trout rainbow, Oncorhynchus mykiss, in captivity. These experiments have shown that reducing the required amount of food will cause a reduction in fertility and in some cases, the proportion of females reaching sexual maturity (Baïz, 1978) . So, there is evidence that a long period of food restriction (8 months or more) has a negative effect on reproduction of the species (Scott, 1962) for marine fish; studies have also shown a negative effect of low food availability on fertility. Robb (1982) showed that egg production and food intake were positively correlated for haddock Melanogrammus aeglefinus maintained under laboratory conditions. As for other species, such as herring, Clupea harengus (Ma et al., 1998) the medaka Oryzias latipes (Hirshfield, 1980) or cod, Gadus morhua (Karlsen et al., 1995; Kjesbu et al., 1998) . For some fish species like sea bream (Sparus aurata), or Japanese sea bream (Pagrus major) the composition of the egg is quickly affected by diet in a few weeks of feeding broodstock (Watanabe et al., 1985b , Fernandez-Palacios et al., 1995 Tandler et al., 1995) . For these species, spawning was continuous with short periods of vitellogenesis; it is possible to improve the quality of spawning by altering the nutritional quality of broodstock diets during the same spawning period (Fernández-Palacios et al., 1995 Tandler et al., 1995) . Similarly, it is possible to improve the quality and hatchability of eggs during the spawning period in the sea bass (Dicentrarchus labrax) by feeding broodstock with appropriate quantities of HUFA during the vitellogenesis period which is slightly longer than that of seabream .
Although the fatty acid profile of fish muscle and the development of eggs of coho salmon, Oncorhynchus kisutch (Hardy et al., 1990) correspond to fatty acids food profiles after only two months supply. The Turbot is an exception to this observation, it is important to feed parents on high nutritional quality regime during the vitellogenesis period and spawning. The results of this experiment indicate that the spawning quality of common porgy (Pagrus pagrus), which is a limiting factor for seed production of this species, is directly affected by the levels of n-3 HUFA in the diets of broodstock. These results are consistent with those found by Watanabe et al. (1984 Watanabe et al. ( a,b,c, 1985 for the Japanese sea bream (Pagrus major), Furuita et al. (2000 Furuita et al. ( , 2002 For the sole Pacific (Paralichthys olivaceus), Cerdá et al. (1994b) , Navas et al. (1997) and Bruce et al. (1999) for the sea bass (Dicentrarchus labrax), Harel et al. (1994) , Rodriguez et al. (1998) , Almansa et al. (1999 Almansa et al. ( , 2001 and Domarco (2001) for sparus aurata. Given these characteristics, most of the essential fatty acids of eggs may be modified during the spawning season and thus affect the egg spawning quality (Almansa et al., 1999) . According to this experiment, the egg quality composition of porgy was affected by the levels of essential fatty acids in experimental diets. Similarly, the viable eggs percentage increases with higher levels of n-3 HUFA in the diet and the incorporation of these fatty acids in eggs, which indicates the importance of these essential fatty acids for eggs and embryos normal development. Similar results for sea bream were described by Domarco (2001) in an experiment in which increasing levels of n-3 HUFA in eggs means an increase in the percentage of viable eggs. In contrast, larval survival was not correlated positively with levels of n-3 HUFA in food. An excess of n-3 HUFA in broodstock diet, produces a high percentage of larvae with an enlarged yolk sac and caused a 10% reduction of larval survival to 3 days after hatching. As suggested by several authors (Sandnes et al., 1984 , Craik, 1986 , Harel et al., 1994 Bell et al., 1997 , Almansa et al., 1999 , the eggs chemical composition was related to the quality of eggs and the composition of the egg must meet the nutritional needs of the embryo for its development and growth. But the results of this study showed that the percentage of n-3 HUFA in eggs should not be used as the only criterion for determining the quality of eggs from broodstock porgy. In general, low levels of n-3 HUFA reduce the quality of eggs, but few authors Lavens et al. (1999) and Furuita et al. (2002) noted the negative effects caused by an excess of n-3 HUFA on egg. Lipids and fatty acid are dietary components that influence the quality of spawning, especially in those species that show up continually short vitellogenesis periods and are able to incorporate these dietary components in eggs even during spawning period.
Among broodstock, it would seem that a content of 27.5 to 35% protein is optimum for growth. Regarding the reproductive (spawning frequency, size of eggs, fertility and hatchability), the Wee and Tuan (1988) results suggest that diets low or medium protein (20, 27.5, 35%) favour high fertility, late spawning and frequent and small seize of eggs, whereas a diet rich in protein (42.5 and 50%) allows for earlier spawning eggs , but less frequent. For sea bream, the estimates of need protein is 40% to 55%, according to Yone, 1975 (Crysophrys major) . for sea bass, the estimates are more uniform ranging from 50% (Alliot et al, 1974) to more 53% if one takes into account the work of Metailler et al, 1981, showing that the rate of growth is improved when the protein content is of 53 to 63%. But even at higher rates, proteins are digested in the bar (Brigaudeau, 1981; Peres, 1981; Alliot, 1982) and remains an excellent source of energy
CONCLUSION
This work provides new information on spawning, egg production and quality characteristics of common porgy in captivity, and provides ample evidence on the effect of diet on the quality and quantity of eggs produced during the spawning season. This information is valuable for commercial hatcheries, particularly in regard to these broodstock requirements, spawning, egg production and egg quality and larvae survival. Further research on the reproduction of captive common porgy should focus on the effect of broodstock feeding, sex ratio and nutrition on egg production of quality. 
